Modeling liquid flow for well test interpretation considers constant values of both density and compressibility within the range of dealt pressures. This assumption does not apply for gas flow case in which the gas compressibility factor is also included for a better mathematical representation. The gas flow equation is normally linearized to allow the liquid diffusivity solution to satisfy gas flow behavior. Depending upon the viscosity-compressibility product, three treatments are considered for the linearization: square of pressure squared, pseudopressure, or linear pressure. When wellbore storage conditions are insignificant, drawdown tests are best analyzed using the pseudopressure function. Besides, since the viscosity-compressibility product is highly sensitive in gas flow; then, pseudotime best captures the gas thermodynamics. Buildup pressure tests, for example, require linearization of both pseudotime and pseudopressure. The conventional straight-line method has been customarily used for well test interpretation. Its disadvantages are the accuracy in determining of the starting and ending of a given flow regime and the lack of verification. This is not the case of the Tiab's Direct Synthesis technique (TDS) which is indifferently applied to either drawdown or buildup tests and is based on features and intersection points found of the pressure and pressure derivative log-log plot.
Introduction
Contrary to liquids, a gas is highly compressible and much less viscous. In general, gas viscosity is about a 100 times lower than the least viscous crude oil. It is important, however, to try to provide the same mathematical treatment to oil and gas hydrocarbons, so interpretation methodologies can easily be applied in a more practical way. Then, the gas flow equation is normally linearized to allow the liquid diffusivity solution to satisfy the gas behavior when analyzing transient test data of gas reservoirs. Depending on the values of reservoir pressure, viscosity, and gas compressibility factor, the gas flow behavior can be treated as a function of either pressure to the second power or linear pressure with a region which does not correspond to any of these and it is better represented by a synthetic function call pseudopressure. Pseudopressure is a function that integrates pressure, density, and compressibility factor. The gas system's total compressibility highly depends on gas compressibility which for ideal gases changes inversely with the pressure. Then, another artificial function referred as pseudotime is included to further understand the transient behavior of gas flow in porous media. For instance, when wellbore storage conditions are insignificant, drawdown tests are best analyzed using the pseudopressure function. On the other hand, buildup pressure tests require linearization of both pseudotime and pseudopressure.
This chapter will be devoted to provide both fundamental of gas flow in porous media as well as interpretation of pressure and rate data in gas reservoirs. The use of the oil flow equations and interpretation techniques is carefully extended for gas flow so that reservoir permeability, skin factor, and reservoir area can be easily estimated from a gas pressure or gas rate test by using conventional analysis and characteristic points found on the pressure derivative plot (TDS technique). Conventional analysis-the oldest pressure transient test interpretation techniqueis based upon understanding the flow behavior in a given reservoir geometry, so the pressure versus time function is plotted in such way that a linear trend can be obtained. Both slope and intercept of such linear tendency are used to characterize the reservoir. Conventional analysis has two main drawbacks: (1) difficulty of finding a given flow regime and (2) absence of parameter verification. On the other hand, TDS technique-is strongly based on the log-log plot of pressure and pressure derivative versus time curves which provide the best way for flow regime identification; then, it uses the "fingerprints" or characteristic points found in such plot which are entered in practical and direct analytical equations to easily find reservoir parameters. Moreover, the same parameters can be obtained from different sources for verification purposes. Such is the case, for instance, of the reservoir area in elongated systems which can be estimated five times.
The chapter will include both interpretation techniques TDS and conventional in two cases: (1) infinite and (2) finite reservoirs. Channels or elongated systems in which reservoir hemilinear, parabolic or linear flow regimes developed once radial flow regime vanishes are reported in Refs [8, 13, 14] . This formation of linear flow regime normally occurs in fluvial deposits (channels), sand lens, parallel faulting, terrace faulting, and carbonate reefs. Then, such systems are worth of transient pressure analysis characterization. Latest researches on the determination of drainage area in constant-pressure-bounded systems using either conventional analysis or TDS technique are also reported by Escobar et al. [10] .
It is convenient to mention some other important aspects concerning gas well testing which have appeared recently. The first case is the transient rate analysis in hydraulically fractured wells which was presented by [19] for both oil and gas wells. The traditional model for elliptical flow included the reservoir area as a variable. Handling the interpretation using TDS Technique may be little difficult for unexperienced interpreters. Therefore, [20] introduced a model excluding the reservoir drainage area and avoiding the necessity of developing pseudosteady-state regime. When a naturally fractured reservoir is subjected to hydraulic fracturing, the interpretation should be performed according to the presented by [21] . [35] presented the pressure behavior of finite-conductivity fractured wells in gas composite systems. As far a horizontal wells, the recent works by [23] and [24] included off-centered wells for transient-rate or transient-pressure cases, respectively. [29] presented a study of production performance of horizontal wells when rapid flow conditions are given.
Practical exercises will provide in the chapter provide a better understanding and applicability of the interpretation techniques.
The purpose of this chapter is two folded: (1) to present the governing equation for gas flow used in well test interpretation and (2) to use both conventional and TDS Techniques as valuable tools for well test interpretation in both transient rate and transient pressure analysis. Some detailed examples will be given for demonstration purposes.
Transient pressure analysis
Transient pressure analysis is performed measuring the bottom-hole pressure while the flow rate is kept constant.
Fluid flow equations
The gas diffusivity equation in oil-field units is given by:
Which can be modified to respond for three-phase flow (oil, water, and gas):
where, the total compressibility, c t , and total mobility, λ t , are given by:
As can be inferred from Eq. (3), the total compressibility varies significantly when dealing with monophasic gas flow since the gas compressibility varies along with the pressure. Agarwal [1] introduced the pseudotime function to alleviate such problem. This function accounts for the time dependence of gas viscosity and total system compressibility: Notice that μ and c t are now pressure-dependent properties.
As expressed by Eq. (1), viscosity and gas compressibility factor are strong functions of pressure; then, to account for gas flow behavior, Al-Hussainy et al. [2] introduced the pseudopressure function which basically includes the variation of gas viscosity and compressibility into a single function which is given by:
After replacing Eqs. (6) and (7) Contrary to liquid well testing, rapid gas flow has a strong influence on well testing, [32] . As the flow rate increases, so does the skin factor, then:
Eq. (9) shows that the apparent skin factor is a function of the mechanical skin factor-which is assumed to be constant during the test-and the product of the flow rate with the turbulence factor or non-Darcy term. This implies that two flow test ought to be run at different flow rates to find mechanical skin factor and the turbulence factor from:
Solving the simultaneous equations:
where, the skin factors 1 and 2 are estimated from each pressure test. However, there is a need of estimating the turbulence factor by empirical correlations for buildup cases or when a single test exists. Then, the non-Darcy flow coefficient is defined by [26] :
The above equation is also applied to partially completed or partially penetrated wells. h p is the length of the perforated interval. For fully perforated wells, h p = h.
Parameter β is called turbulence factor or inertial factor can be found by correlations. The correlation proposed by Geertsma [21] is given by:
The consideration on the skin factor effect on gas testing was recognized by Fligelman et al. [25] who provided correction charts to account for apparent skin factor values.
Conventional analysis
The solution to the transient diffusivity equation, Eq. (8), is given by:
The dimensionless parameters used in this chapter are given below. The rigorous dimensionless time is:
Including the pseudotime function, t a (P), the dimensionless pseudotime is:
Notice that the viscosity-compressibility product is not seen in Eq. (16) since they are included in the pseudotime function. However, if we multiply and, then, divide by (μc t ) i , a similar equation to the general dimensionless time expression will be obtained.
The dimensionless pseudopressure and pseudopressure derivatives are: And the dimensionless wellbore storage coefficient is given by:
The dimensionless radii are given:
For practical purposes, Eq. (16) will end up in a semilog behavior of pseudopressure drops against time. After replacing the respective dimensionless quantities into the mentioned straight-line semilog expression, it is obtained [4] :
The above equations are applied during transient or radial flow regime. They are used to find reservoir transmissibility and apparent skin factor from the slope and intercept, respectively, of a semilog plot of well-flowing pressure versus time. After applying the superposition principle, the above equations for the buildup case are converted into: 
From a semilog plot of pseudopressure versus time (or pseudotime), its slope allows calculating the reservoir permeability and the intercept is used to find the pseudoskin factor, respectively:
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Notice that for the pseudotime case, (µc t ) i product in the above equation will be set as the unity. The gas pseudoskin factor is estimated for the buildup case as:
The governing dimensionless pressure equation during pseudosteady-state period is given by [28] :
By replacing the dimensionless quantities, changing the log base, the above equation leads to:
A Cartesian plot of m(P wf ) versus time or pseudotime during pseudosteady state will yield a straight line in which slope, m*, is useful to find the well drainage area:
Such deliverability tests as backpressure, isochronal, modified isochronal, and flow after flow are conducted for the purpose of determining the flow exponent n (n = 1 is considered turbulent flow and 0.5 < n < 1 is considered to be rapid flow) and the performance coefficients. They assumed that stabilization is reached during the testing which is not true in most of the cases. Then, they are not included in this chapter but can be found in Chapter 4 of Ref. [4] .
TDS technique
Tiab [33] proposed a revolutionary technique which is very useful to interpret pressure tests using characteristics points found on the pressure and pressure derivative versus time log-log plot. He obtained practical analytical solutions for the determination of reservoir parameters.
From a log-log plot of pseudopressure and pseudopressure derivative against pseudotime, Figure 1 , several main characteristics are outlined:
1. The early unit-slope line originated by wellbore storage is described by the following equation:
Replacing the dimensionless parameters in Eq. (36), a new equation to estimate the wellbore storage coefficient is obtained: 2. The intersection of the early unit-slope line with the radial horizontal straight line gives:
From this, an equation to estimate either permeability or wellbore storage is obtained once the dimensionless parameters are replaced.
As presented by Tiab [33] , the governing equation for the well pressure behavior during radial flow reformulated by Escobar et al. [7] in terms of pseudofunctions is expressed by:
3. According to Ref. [28] , another form of Eq. (35) is obtained when wellbore storage and skin factor are included:
From the above equation, the derivative of pseudopressure with respect to the natural log of t Da /C D is given by:
From Eq. (21), the dimensionless pseudopressure derivative with respect to the natural log of log t Da /C D gives: Figure 1 . Log-log plot of pseudopressure and pseudopressure derivative versus pseudotime. After Ref. [7] .
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Finally, the pressure derivative during the pseudosteady-state flow regime of closed systems is governed by:
The intersection point of the above straight line and the radial flow regime straight line is:
After substituting the dimensionless pseudotime function into Eq. (46), a new equation for the well drainage area is presented:
Further applications of gas well test can be found in the literature. Escobar et al. [12] introduced the mathematical expressions for interpretation of pressure tests using the pseudopressure and pseudopressure derivative as a function of pseudotime for hydraulically fractured wells and naturally fractured (heterogeneous) formations. Fligelman [30] presented an interpretation methodology using TDS technique for finite-conductivity fractured wells. They used pseudopressure and rigorous time. In 2012, Escobar et al. [16] implemented the transient pressure analysis on gas fractured wells in bi-zonal reservoirs. Moncada et al. [31] extended the TDS for oil and gas flow for partially completed and partially penetrated wells. As far as horizontal wells, it is worth to mention the work performed in Refs. [11] and [15] on homogeneous and naturally fractured reservoirs.
Example 1
Chaudhry [4] presented a reservoir limit test for a gas reservoir (example 5-2 of Ref. [4] ). However, once the pressure derivative was taken to the test data, no late pseudosteady state regime was observed. Then, the input data given below were used to simulate a pressure test given in Table 1 . Estimate permeability, skin factor, and drainage area by both conventional analysis and TDS technique. Use of Eqs. (27) and (28) To find the well drainage area, the Cartesian plot given in Figure 3 Advances in Natural Gas Emerging Technologies Figure 4 presents the pseudopressure and pressure derivative versus pseudotime log-log plot in which wellbore storage, radial flow regime, and late pseudosteady-state regimes are clearly observed. The following characteristic points were read from Figure 4 : Finally, the inertial factor and the non-Darcy flow coefficient are estimated with Eqs. (14) and (15): The true skin factor is found with Eq. (9):
Solution by conventional analysis

Solution by TDS technique
It can be seen that the simulated parameters closely match the results obtained from the examples.
Transient rate analysis
Transient rate analysis is performed by recording the continuous changing flow rate under a constant bottom-hole pressure condition. This procedure is normally achieved in very low gas formations and shale gas systems.
For considerable longer times, Ref. [27] showed that the q D function in Eq. (48) may be approximated by:
where the dimensionless reciprocal rate and reciprocal rate derivative are given by:
Including pseudoskin effects in Eq. (49),
Conventional analysis
After replacing the dimensionless quantities and changing the logarithm base, it yields:
As for the case of pressure transient analysis, from a semilog plot of pseudopressure versus time (or pseudotime), its slope allows calculating the reservoir permeability and the intercept is used to find the pseudoskin factor, respectively:
Considering approximation for large time to the analytical Laplace inversion of Eq. (49), the following expression is obtained:
For t D ≥ t Dpss , this flow period is known as the exponential decline period. t Dpss is the time required for the development of true pseudosteady state at the producing well for constant rate production case. Eq. (57) concerns only the circular reservoir. The solution can be generalized for other reservoir shapes by using the Dietz shape factor [6] , C A ,
where, A D (dimensionless area) and r eD (dimensionless radius) are given by: 
TDS technique
Escobar et al. [9] extended the TDS Technique for gas well in homogeneous and naturally fractured formations using rigorous time. The equations they presented for wellbore storage coefficient and permeability are given below:
Using a procedure similar to the pressure transient case, Escobar et al. [9] found an expression to estimate the pseudoskin factor: Refs. [13] and [14] presented rate transient analysis for long homogeneous and naturally fractured oil reservoirs using TDS technique and conventional analysis, respectively. Equations can be easily translated to gas flow.
Example 2
Escobar et al. [9] presented an example for a homogeneous bounded reservoir. Figure 5 and Table 2 present the reciprocal rate and reciprocal rate derivative versus rigorous time for this exercise. Other relevant data for this example are given below:
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1. Figure 5 . Reciprocal rate and reciprocal rate derivative for example 2-homogeneous bounded reservoir. After Ref. [9] .
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Find reservoir permeability, skin factor, and drainage radius for this example using the TDS Technique.
Solution
The following characteristic points were read from Figure 5 : Notice that the results closely match the permeability and external reservoir radius as presented by Ref. [9] .
Finally, it is worth to mention that nowadays, conventional shale-gas reservoirs have become very attractive in the oil industry. Then, their characterization via well test analysis is very important. Shale-gas reservoir is normally tested under constant well-flowing pressure conditions-transient rate analysis-then, the recent studies performed in Refs. [17] and [22] should be read. If such wells are tested under constant rate conditions-pressure transient analysisthen the reader should refer to the works by Bernal et al. [3] and Escobar et al. [18] . 
